Amer. J. publ. H!th 54, 85 Air Pollution in Japan by Hiroyuki Sakabe MD (National Institute ofIndustrial Health, Kawasaki, Japan) Industrial activity in Japan developed rapidly after World War II. The general index of production increased from 53-6 in 1950 to 284-3 in 1961 if the index in 1955 was taken as 100; that is, productivity rose by about five times in the last ten years. Smoke from factories is the main cause of urban air pollution together with exhaust gas from the increasing number of motor vehicles. In Japan, scarcely any coal is used in private dwelling houses except in the Hokkaido district. With high industrial development, the number of days of poor visibility and the amount of dustfall have increased year by year in large towns. Some local authorities enacted regulations for the abatement of public nuisances including air pollution soon after World War II; for example, those in Tokyo were issued in 1949. However, these regulations were not effective enough to prevent the increasing pollution of air.
Systematic surveys on air pollution were started in about 1955 in some heavily polluted towns, and studies of the nature, causes and effects of air pollution have been carried out by many scientists in the fields of public health, meteorology, chemistry, engineering and so on. In 1959, the Air Pollution Control Association was organized by those concerned with the survey and study of air pollution. Many extensive surveys revealed that air pollution was already a menace to health and a serious nuisance. In particular, heavily polluted air in Tokyo and the campaign waged by newspapers and television against air pollution have encouraged public opinion to demand that some national measures be taken.
In this way, the Law of Smoke Emission Control was established in 1962. This law is being enforced jointly by the Ministry of Commerce and Industry and the Ministry of Health and Welfare. Pollutants controlled by this law are soot, dust, sulphur dioxide and sulphuric anhydride produced by the combustion of fuel and other substances or by the generation of electricity for heating. The law designates these air pollutants as smoke. Heavily polluted areas are designated as 'prescribed areas' by government ordinance, and the discharge of smoke from potential sources in these areas must be controlled in accordance with the standard of smoke emission. The governor of the district must inform the public of impending danger and request their co-operation for the reduction of smoke emission when air pollution would impair human health as a result of continuous fog. At present, the prescribed areas are the five conurbations of Tokyo, Yokohama and Kawasaki, Osaka, Kobe and Amagasaki, and Kitakyushu. Air pollution in Japan has already been reported internationally by Nose (1959) and Toyama (1964) . Recent medical and epidemiological aspects of air pollution are clearly discussed in Toyama's paper.
LUNG CANCER AND CHRONIC BRONCHITIS Lung cancer and chronic bronchitis have been assumed to be diseases having some relation to air pollution. The ratios of lung cancer deaths to total cancer deaths among men, 1958 to 1959 inclusive, were 34-3 % in England and Wales, 32-9 % in Scotland and 30 4 % in Finland, but the ratio was only 6-5 % in Japan (Segi 1962) . In Japan, deaths due to gastric cancer account for 52-8 % of all cancer deaths and hepatic and biliary tract cancer comprises 1 I 0 %. Thus deaths due to lung cancer lie third.
However, there has been a recent steep increase in lung cancer deaths in men and women. This parallel increase of lung cancer in both sexes suggests a cause acting equally on men and women. Segi (1962) suggested that improved diagnosis and air pollution were the explanation. Kawai (1963) assumed that this rapid reported increase of lung cancer may be due to the advance of diagnostic techniques and the rise of interest in lung cancer. (The various techniques such as surgical operation for lung cancer, bronchoscopy, intubation anesthesia, and smear examination of sputum were introduced into Japan fifteen to twenty years later than in Western countries.) He examined the lung cancer cases among necropsies. In necropsy cases, ratios of lung cancer to total cancer were 5*5% around 1915, 10-4% around 1950 and 13-8% around 1958 (Table 1) . This exponential rise of lung cancer found in necropsy cases should prove that the recent increase in lung cancer mortality is substantial. Studies on regional differences in lung cancer mortality by Segi & Kurihara (1960) showed that the standardized mortality rates by prefecture in 1954-56 were high in Tokyo, Hokkaido, Fukuoka, Kanagawa, Kyoto and Miyagi among men and in Fukuoka, Tokyo, Kyoto, Kanagawa, Miyagi and Hokkaido among women. (There are 46 prefectures in Japan. The highest standardized mortality rate of lung cancer per 100,000 population was 6-37 in Tokyo among men and 2 58 in Fukuoka among women. The lowest rate was 2-90 in Koochi among men and 0-98 in Fukui among women.) Tokyo, Fukuoka and Kanagawa are the most highly developed industrial regions. Hokkaido and Fukuoka are the main coalproducing districts. Although air pollution may have some relation to lung cancer, in the present stage it still seems difficult to demonstrate a close Kawai (1963) 1945-54 23,661 2 4°/ 10-4% Kawai (1963 Kawai ( ) 1955 3-7%o 13-8' 0 Quoted by Kawai (1963)- correlation between lung cancer and air pollution in Japan. Chronic bronchitis seems to be very common in England and some other countries. Oswald (1958) said that bronchitis has been a popular diagnosis in the United Kingdom for the last hundred and fifty years, both as a cause of morbidity and of mortality. In Japan it has never been such a common disease as in Englahd. Mortality rates for both pneumonia and tuberculosis, which were the most prominent causes of death due to lung diseases, were lowered by the introduction of new remedies as in other countries. The trend was the same in chronic bronchitis. The number of deaths attributed to chronic bronchitis in the vital statistics fell from 12-6 in 1947 to 2-2 in 1960 in crude death rates per 100,000 population. This noticeable decrease was attributed to the marked fall in deaths among the younger age groups. No correlation was found between the regional mortality rates for chronic bronchitis and the level of air pollution.
However, we should be very careful in evaluating the registered number of deaths due to chronic bronchitis, as the criteria for diagnosis of chronic bronchitis seem to vary among different physicians. Discussion on the relationship between chronic bronchitis and air pollution would be valid only after precise epidemiological studies based on a standardized diagnosis of chronic bronchitis have been carried out.
In their study of the effect of urban polluted air on respiratory function, Toyama & Tomono (1961) and Suzuki et al. (1963) observed the symptomless bronchial narrowing as manifested by the finding of lowered peak flow rates among school children in the polluted areas of Kawasaki and Yokohama respectively. Tanaka (1964) has studied by means of a questionnaire the prevalence of symptoms of chronic bronchitis among postmen in the Tokyo conurbation. Cough and sputum lasting more than one month were found to be common among the aged, in heavy smokers and in those with a history of empyema and asthma. Even considering these factors, it was thought that chronic bronchitis was seen more frequently in the highly polluted areas.
Nose (1960) found a close correlation between the effect of polluted air and mortality from pneumonia in Ube city.
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Coal has been the main fuel for a long time in Japan, but now its place is being taken by oil. Domestic demands for coal increased from 37,200,000 tons in 1950 to 51,600,000 tons in 1960, but the demand for oil increased from 2,100,000 kl in 1950 to 29,900,000 kl in 1960. Such a heavy demand for oil has stimulated the rapid development of oil refining and its related industries. Since 1955, about ten industrial oil combines have been established along the Pacific coast of Japan.
Yokkaichi city, where one of them was established, is in the middle part of Japan and had a population of about 200,000 in 1963. The city extends from north to south facing Ise Bay to the east as shown in Fig 1. The industrial combine, comprising two oil refineries, two power stations using mainly oil as fuel and ten petrochemical plants, has been constructed on reclaimed land and in the southern part of the city since 1955. Residential sections are distributed at the northern part of the city (A), at the west side of reclaimed land (B), within the southern factory area (C) and at the south east of C area (D). The prevailing wind directions are north and northwest in winter and south and south-east in summer. So in summer the air of B and C areas and in winter the air of D area is polluted by the smoke from factories built on reclaimed land.
The complaint about air pollution occurred at first because of unpleasant odour in 1960 and has increased year by year. Yoshida et al. (1963) have studied this new problem of air pollution. The composition of the fuel consumed in this industrial district in 1963 was as follows: coal 4-5%, fuel oil 83.0 %, crude gas 9 5 % and others 3 -0%, which is in sharp contrast to the mean ratio of 4 : 6 coal to fuel oil in the whole of Japan. Most of the pollutants in the air of Yokkaichi are produced by burning oil.
Mean dustfall calculated from measurements made at 11 points in the city was 14-17 tons/ sq. km/month in 1961. This value is not as high as those found in other industrial cities in Japan. Atmospheric sulphur dioxide concentration determined by the fuchsin-formaldehyde method varies rapidly with time and shows wide fluctuations. These are caused by the change of wind direction, as the emitting sources of pollution were concentrated in a small area. The mean and maximum sulphur dioxide concentrations in winter (from December 1962 to March 1963) were 0-12 ppm and 1-2 ppm respectively in D area. Yoshida et al. (1963) have studied the effect of polluted air on the health of inhabitants in each residential section. They found a high correlation between the sulphur dioxide concentration as measured by the lead peroxide method and the frequency of medical attendance of common cold patients under 4 years and over 50 years old. The numbers of medical attendances were obtained from the National Health Insurance Services records. Such a relationship was also found between bronchial asthma or pharyngolaryngitis and sulphur dioxide level with the high correlation index of 0-87 and 0-80 respectively. They then investigated the relationship between the number of asthmatic attacks experienced by 12 bronchial asthma patients in each week and mean sulphur dioxide concentration in that period in D area in winter, and showed a close correlation between them.
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In February 1964, there were 66 bronchial asthma patients in D area, which was a fisherman's district with 2,600 inhabitants. Among these, 39 were men and 27 women; about 60 % of them were over 50 years old. The number of new patients has increased year by year since 1959. Patients who were able to leave D area in winter never suffered from asthmatic attacks. Forty per cent of them had eosinophil counts over 6%. Findings on physical examination were not uniform in these patients. Steroid hormones were effective in preventing the attacks and bronchodilators were used to alleviate the symptoms. From these data it is reasonable to assume that these asthmatic diseases were produced by the air pollutants emitted from the factories.
What kind of substance or substances are responsible? Sulphur dioxide is the first suspect substance, but the mean concentration was not very high, though peak concentrations over 1-0 ppm were observed occasionally. The second suspect substance is sulphuric acid. I have studied this problem with the gelatine/thymol blue method of Gerhard & Johnston (1955) and the method for determination of particulate acid of Commins (1963) ; no significant amount of free acid was found in the air of D area. The third substance meriting attention is vanadium. I found 6 workers engaged in cleaning oil-fired boilers of a petrochemical plant in this district who suffered from a respiratory disorder. They were diagnosed as bronchial asthma or acute bronchitis. Williams (1952) reported the complaints of cleaners of oil-fired boilers and he concluded that the cause of this disease was vanadium pentoxide. The symptoms of our patients were similar to those of Williams's patients. Browne (1955) suggested the possible adverse effect of atmospheric vanadium emitted from burning fuel oil. As the crude oil used in Yokkaichi has been imported from Iran and Kuwait, a relatively high vanadium content as well as sulphur may be assumed. Further discussion on vanadium is difficult as we have not enough data. Many other suspect substances could be listed, but in the present state of knowledge we can only say that the cause of the bronchial disease is some pollutant in the air. I have examined the particulate matter in the air of Yokkaichi by means of a thin metal film method developed by us (Hayashi et al. 1961 ) and have obtained some interesting new results. Polluted air was drawn through by cascade impactor so that the particles impinged on thin copper films with which the glass slides had been coated. This film is composed of fine copper particles produced by the vacuum evaporation method. Most of the particles were found on the fourth slide, and numerous very fine holes were observed in the copper filn as shown in Fig 2. The holes were formed in thin films of copper, iron and cadmium but not in films of silver, gold, aluminium and tin. Hygro3copic salts may be responsible for the formation of the holes, as no free acid was found around particles on the gelatine/thymol blue plate. In order to study the fine structure of particles, samples were collected by cascade impactor upon thin metal films which had been formed by vacuum evaporation on the collodion membrane spread on the grid and examined electron-microscopically. Most particles assumed a round or oval shape on the copper film, and many particles had halos around them as in Fig 3A, B . There are particles showing homocentric or heterocentric zones composed of two or more substances with different opacities together with particles of various homogeneous opacity. On the particles with three zones, we can differentiate a fairly dense inner zone, a transparent middle zone and a moderately opaque outer zone. The outer zone seems to consist of an oily substance because of its diffuse, moderate electron opacity and homogeneity. From these results, it is assumed that each particle is composed not of a single substance, but of several. Moreover, coexistence of hydrophobic oily substances and hydrophilic substances in one particle may be assumed. However, particles collected on the silver film show a quite different form. None is round, and coarsening of the fine silver particles is impressive (Fig 4) .
In view of the difference in shape of particles when collected on films of different metals, samples were taken on the thin carbon films. In this case, much of the electron opaque material was evaporated after a few seconds' exposure to the beam at moderate intensity as already reported by Waller et al. (1963) . Fig 5A, B shows the particles before and after exposure. Current is produced in the anode circuit by the photoelectric multiplier receiving scattered light. This current decreases the potential of condenser (C) by discharge. Then the potential between two electrodes of a neon tube (NL) increases to the discharge potential. When the discharge of (NL) charges (C), potential difference is generated across resistance (R)
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One might expect to find by these techniques that air pollutants in D area would be very complicated; hygroscopic salts, oily substances, sulphides, especially organic sulphide, &c., might occur in the particles. This method in which particles are collected on thin itietal films might be helpful in their chemical identification if the laboratory studies on model substances were carried out.
STUDIES ON THE MEASUREMENT OF AIR POLLUTION
Deposit gauge of standard English dimensions, filter paper air sampler for estimation of particulate matter, the lead peroxide method, Thomas's method and rozaniline-formatine method for determination of sulphur dioxide have all been used generally. Recently, our institute has contributed to the improvement of methods of measuring air pollution by devising thermal precipitators for use with the electron microscope (Homma et al. 1962) , glass fibre filter (Homma & Sakabe 1964) , integral flow indicators for highvolume air samplers (Nozaki 1964) , aerosol counter and a method for the determination of 3, 4-benzpyrene.
Aerosol Counter Blackness of the stain produced by a sample of air on filter paper is sometimes and in some places proportional to the concentration of particulate pollutants in the air. This relationship may be used when the pollutants come from incomplete burning of carbonaceous substances, but is not often valid when pollution comes from relatively efficient oil burning, as the amount of black matter produced is too small; this is the case in Yokkaichi. Moreover, ordinary filter paper air samplers suffer the disadvantages of (1) air flow drop with the deposition of pollutants built up on the filter paper and (2) decreased sensitivity with increasing blackness.
In order to overcome these disadvantages, Koshi (1964) has devised a new apparatus for determining aerosol concentration by measuring the intensity of light scattered by suspended particles. A photoelectric multiplier receives the scattered light at an angle of 135 degrees to the incident light, and the current produced by the scattered light is converted into the digital amount by the charge and discharge of the condenser as shown in Fig 6. Pulses converted from photoelectric current by the circuit in Fig 6 The following are the stages in the usual methods for the determination of carcinogenic hydrocarbons in the particulate matter in the air: (1) Extraction from the collected sample of polycyclics in Soxhlet apparatus with benzene or acetone.
(2) Reduction of the volume of the extract by evaporation under reduced pressure.
(3) Separation of benzpyrene by column or paper chromatography. (4) Determination of benzpyrene by spectrophotometry or fluorospectrophotometry.
As the extraction and separation by this method not only take a considerable time, but also may involve the loss of a part of the benzpyrene, Matsushita et al. (1963 Matsushita et al. ( , 1964 have devised a rapid microdetermination of benzypyrene. This new method is as follows:
(1) Extraction by vacuum sublimation: Ball et al. (1962) found that by vacuum sublimation further amounts of pyrene and coronene could be recovered from oil furnace carbon black which had already been extracted with benzene and chloroform. We have also studied the extraction of benzpyrene by vacuum sublimation. A amount of 3, 4-benzpyrene adsorbed on oil furnace carbon black which had been subject to prolonged extraction was recovered in a Soxhlet apparatus (benzene, 6 h) and by vacuum sublimation (0-01 mmHg, 300°C, 3 h) respectively. Recovery was 63% by the former, and 98% by the latter. Vacuum sublimation seems therefore to be more efficient than the conventional Soxhlet extraction.
In order to extract benzpyrene from air pollutants by vacuum sublimation, we have devised an apparatus shown in Fig. 9 . The glass fibre filter on which pollutants were coll cted is put into the flask and connected to the sublimation tube with a manometer and rotary pump. The flask is in- 1012 Proceedings ofthe Royal Society ofMedicine serted into the preheated electric furnace after the pressure in it was reduced to 0-01 mmHg. Sublimated polycyclics and some other substances are deposited on the inner surface of the tube and can be seen clearly when the furnace temperature exceeds 1000 C. Extracting efficiency in experiments in which polycyclics such as 3, 4-benzpyrene, perylene and pyrene were added to urban air pollutants which have already received vacuum sublimation, consistently showed recoveries above 95 % after treatment for 30 minutes at 0-01 mmHg and 3000 C. Sublimed substances in the tube are easily dissolved in 30-100 P1 of benzene or alcohol, using microsyringe.
(2) Separation by thin layer chromatography: Thin layer chromatography is used for the separation of 3, 4-benzpyrene in the solution of the sublimed extract. Glass platescoatedwith silicagelWOELM in a thickness of about 300p are heated for 15 minutes at 1000 C in an electric furnace, and then activated at 60°C in a vacuum desiccator of 0-1 mmHg. Such an activated plate is put on a metal plate at about 600 C and the solution of extract is spotted on to it. Development is carried outwith a mixture of n-hexane, o-dichlorobenzene and pyridine in a chromatographic chamber at about 25 % humidity.
(3) Determination by fluorescence intensity: The amount of 3, 4-benzpyrene can be determined either by measuring the corresponding area developed on the thin layer chromatoplate, or by measuring the intensity of the fluorescence. The latter method is preferable because 3, 4-benzpyrene separated on chromatoplate might be contaminated with small amounts of other polycyclics. The developed chromatoplate is fixed with Neatan neu (E Merck), and the 3,4-benzpyrene in the scraped silica gel is extracted with benzene.
The amount of 3, 4-benzpyrene is determined in our automatic fluorospectrophotometer which can easily record the fluorescence spectrum of 3, 4-benzpyrene in concentrations of 0-005 pg/ml (S/N ratio=30). The minimum amount of the average kind of particulate matter found in the urban air required for the determination of 3, 4-benzpyrene by this method is about 5-6 mg.
